Several types of photoacid-and photobase-generating monomers were prepared. These monomers were cured with multi-functional acrylate monomers by irradiation at 365 nm. The surface of the cured resin was exposed to 254nm light to generate hydrophilic surface. Water contact angles of the resin surface having acid units (-SO 3 H or -COOH) and amine units (-NH 2 ) were 25~36 o and 38~43 o , respectively, depending on the resin composition. A mold for UV imprint lithography (UV-IL) was prepared using the cured resin with hydrophilic surface. It was shown that the resin mold could be used for UV-IL without surface treatment using demolding agents.
Introduction
Photoacid and photobase generators are widely used for polymer synthesis, polymer degradation, and changes in physical property of polymers [1] [2] [3] [4] . They are useful in industrial applications such as imaging, coating, and surface modification of polymers. The monomers having an ability to photo-chemically generate acid and base units are useful for the change of the surface polarity of the cured resins. The cured resins containing the acid-generating monomers can generate -SO 3 H and -COOH units on irradiation of UV light and the surface of the cured resins becomes hydrophilic. The cured resins containing base-generating monomers also generate -NH 2 units which induce hydrophilic surface of the cured resin. In this study, several types of photoacidand photobase-generating monomers were prepared. These monomers were cured with multi-functional acrylate monomers by irradiation at 365 nm. The surface of the cured resin could be changed to hydrophilic surface by irradiation at 254 nm. The hydrophilic nature of the surface of the cured resin was evaluated by water contact angle. A mold for UV imprint lithography was prepared based on the cured resin with hydrophilic surface. UV imprint was accomplished using the resin mold without treatment with fluorine-containing demolding agent.
Experimental

Materials
Photoacid generating (PAG)-or photobase generating (PBG)-monomers were newly prepared. Synthesis of the PAG (1~3) and PBG (4a, 4b) monomers used was carried out as shown in Scheme 1. Naphthylidene imino p-styrenesulfonate (2) was prepared according to the method reported previously [5] . 2,2-Dimethoxy-2-phenylacetophenone (DMPA), 3-methacryloxypropyltrimethoxysilane (γ-MPS), and diethylene glycol monomethyl ether methacrylate (DEGMM) were of reagent grade and used without further purification.
2,2,3,3,4,4,5,5-Octafluoropentyl acrylate (PA-8F) was supplied from Osaka Organic Chemical Ind., Ltd. Pentaerythritol triacrylate (PTA) and dipentaerythritol hexa-acrylate (DPHA) were supplied from Shin-Nakamura Chemical Co., Ltd. 2,5-Dimethylacetophenone (10.9 ml) and diethyl ether (25 ml) were placed in a three-necked round-bottom flask fitted with an efficient magnetic stirrer and a thermometer. Bromine (3.82 ml) was added dropwise over 15 min at room temperature under N 2 atmosphere and the reaction was continued for 30 min. After removal of diethyl ether at 45 o C, a slightly greenish liquid was obtained (15.7 g). This compound was used for the following reaction without further purification.
1 H NMR (CDCl 3 ): δ (ppm) 2.37 (3H, s, Ar-CH3), 2.47 (3H, s, Ar-CH 3 ), 4.42 (2H, s, -CH 2 -Br), 7.16~7.45 (3H, m, Ar).
Methacrylic acid (5.4 g), N,N-dimethylformamide, and 2,6-di-t-butyl-p-cresol (68 mg) were placed in a three-necked round-bottom flask fitted with an efficient magnetic stirrer and a thermometer. Triethylamine (10 ml) was slowly added at 5 o C. Then, 2,5-dimethylphenacyl bromide (16 g) was added dropwise over 20 min under N 2 atmosphere. The reaction was continued for 4 h. Ethyl acetate (200 ml) was added and the reaction mixture was washed with water and saturated NaCl aqueous solution. The organic layer was dried over anhydrous MgSO 4 The compound A (4.8 g), hydroxylamine hydrochloride (4.6 g), sodium acetate (9.1 g), and water (60 ml) were placed in a round-bottom flask with an efficient magnetic stirrer. The reaction mixture was refluxed at 125 o C for 1 h. After cooling to room temperature, the reaction mixture was extracted with diethyl ether. The ether layer was dried over anhydrous Na 2 SO 4 . After removing the diethyl ether, brownish sold obtained was purified by recrystallization from toluene to obtain 6- The compound B (1.28 g), 4-(dimethylamino)pyridine (23.6 ml), and pyridine (12.5 ml) were placed in a three-necked round-bottom flask fitted with an efficient magnetic stirrer and a thermometer. p-Styrenesulfonyl chloride (2.0 ml) was added dropwise over 5 min at 0 o C and the reaction was continued for 4 h. The reaction mixture was poured into 170 ml of ice-cold aqueous HCl solution (4.1 wt%). The product was extracted with chloroform and the chloroform layer was washed with saturated aqueous NaCl solution, aqueous NaHCO 3 solution, and aqueous NaCl solution. After addition of 2,6-di-t-butyl-4-methylphenol (50 mg), the chloroform layer was dried over anhydrous Na 2 6-[2-(2-Acryloyloxy)ethoxy]ethoxy-1-tetralone Oacryloyl oxime (4a) was prepared from the compound B and acryloyl chloride. The compound B (2.50 g), triethylamine (3.8 ml), hydroquinone monomethyl ether (20 mg), and chloroform (50 ml) were placed in a four-necked round-bottom flask fitted with an efficient magnetic stirrer and a thermometer. Acryloyl chloride (2.0 ml) was added dropwise over 15 min at -5 o C under N 2 atmosphere and the reaction was continued for 20 h at room temperature. 1.2N HCl (100 ml) was added to the reaction mixture and the product was extracted with chloroform (150 ml). After washing the chloroform layer with saturated NaCl aqueous solution, saturated NaHCO 3 solution, and aqueous NaCl solution, the chloroform layer was dried over anhydrous Na 2 SO 4 . After evaporating the chloroform, the slightly yellowish solid was roughly purified by column chromatography (silica gel, eluent: ethyl acetate) and recrystallized from toluene/hexane=1/1 (v/v) to obtain pure monomer 4a. Yield 58%, white solid, mp. 
Measurements
Irradiation was performed at 254 nm and 365 nm using a low-pressure Hg lamp (Ushio ULO-6DQ, 6W) and a high-pressure Hg lamp (Ushio UM 102) with a filter UVD36B, respectively. The intensity of the light was measured by an Orc Light Measure UV-M02. 1 H NMR spectra were observed at 400 MHz using a JEOL JNM-ECX400 spectrophotometer. Water contact angle was measured using an Eruma M-2010A. UV imprint process was performed using Maruni MNI-1000HC. The depth and height of line patterns of the resin mold and imprinted patterns were measured using a Kosaka Surfcorder ET 3000i. The shrinkage of the UV imprinted patterns in z-direction was calculated by comparing the line depth of the mold and the height of UV imprinted line patterns.
Preparation of replicated resin mold
The preparation method for the replicated resin mold is shown in Fig. 1 . Quartz mold was used as a J. Photopolym. Sci. Technol., Vol. 25, No. 6, 2012 original mold. The present process involves 1) dropping the degradable UV curing resin on quartz plate, 2) placing the quartz mold and pressing the resin, 3) irradiating at 365 nm through quartz mold to cure the resin, 4) releasing the quartz mold to obtain the primary patterns of the degradable resin on quartz plate, 5) coating a conventional UV curable resin on the primary pattern, 6) placing quartz plate (2.5 x 2.5 cm, 1.0 mm thick) and pressing the resin (~0.8 MPa), 7) irradiating at 365 nm and following irradiation at 254 nm through quartz plate, 8) stripping the quartz plate, and 9) dipping the sample in methanol to obtain the replicated resin mold on quartz plate. 
Results and Discussion
All monomers were radically polymerized. The monomer 1 can generate carboxylic acid and the monomers 2 and 3 can generate sulfonic acid units on irradiation at 254 nm. The mechanisms for the photo-induced acid generation of phenacyl carboxylate and imino sulfonate units are known as shown in Scheme 2. The quantum yields for the photolysis of phenacyl acetate and naphthylidene imino p-toluenesulfonate were reported to be 0.23 [6, 7] and 0.29 [8] , respectively. The monomers 4a and 4b can generate primary amine units on irradiation at 254 nm (Scheme 2). The quantum yield for the photolysis of oxime carboxylate derivatives was reported to be around 0.3~0.5 [9] .
The formulation of the UV cured resin with hydrophilic surface was a mixture of DEGMM, PTA, DMPA, and photoacidor photobase-generating monomer. The curing of the resin was performed by irradiation at 365 nm under nitrogen atmosphere. The thickness of the cured film was ~1 µm. The conversion of the monomers was 60~80% which was obtained by FT-IR spectroscopy. 1, 2, 3, 4a, and 4b in the cured resin were not sensitive to 365nm light. Acid or base generation at the surface of the cured resin was induced by irradiation at 254 nm in air. The generation of acid units was qualitatively confirmed by fluorescent method using acridine. The surface of the irradiated area was dyed with acridine and showed bright fluorescence though the unirradiated area did not show fluorescence. Furthermore, the generation of amine units was qualitatively confirmed by fluorescence technique using fluorescamine [10] . Scheme 2. The hydrophilic nature of the surface of the cured resin was evaluated by the value of water contact angle. Table 1 shows the property of the resin surface with acid units. The water contact angles for the resin surface were observed to be 46~61 o , depending on the composition of the resin. After irradiation at 254 nm, the water contact angles were reduced to 25~36 o . Although DEGMM was added to enhance the solubility of PAG monomers, it also induced the relatively soft surface of the resin. Furthermore, the incorporation of DEGMM seemed to enhance the hydrophilic nature of the resin surface. A significant difference in the value of water contact angles of the resin surface having -SO 3 H and -COOH units was not observed. Furthermore, the cured resin made up by a mixture of DEGMM, PTA, monomer 1 and monomer 2 was prepared and the water contact angle was measured to be 31 o after irradiation at 254 nm in air.
Although the resin surface was expected to have both -SO 3 H and -COOH groups, the water contact angle of the resin surface was almost the same as those for the resin surface having -SO 3 H or -COOH groups. A synergistic effect by -SO 3 H and -COOH units was not observed. Table 2 shows the property of the resin surface with amine units. The water contact angles for the resin surface were observed to be 62~65 o , depending on the composition of the resin. After irradiation at 254 nm, the water contact angles were reduced to 38~43 o . The resin made up by a mixture of PTA, monomer 2 and monomer 4a was prepared and the water contact angle was measured to be 37 o after irradiation at 254 nm in air. Although the resin surface was expected to have -SO 3 H and -NH 2 units, the water contact angle of the resin surface was almost the same as those for the resin surface having -SO 3 H or -NH 2 groups. The cured resin with hydrophilic surface was used as a mold for UV imprint lithography (UV-IL). Since UV-IL is a cost-effective high-resolution patterning technology that does not require expensive optical elements, UV-IL has emerged as a promising technology for making fine patterns (Fig. 2) [11, 12] . However, the quartz mold for UV-IL is an expensive component and the mold is susceptible to contamination during the UV-IL process and is seriously damaged. It is very difficult to remove the cured resins adhered to the surface of the quartz mold. Recently, to eliminate this problem, it was proposed to use a replicated resin mold of the original quartz mold (Fig. 1) [13] . The resin mold is inexpensive and is disposed when contaminated. The resin mold with hydrophilic surface is expected to be used without surface treatment using fluorine-containing agents. In general, UV-IL is accomplished using quartz mold modified with fluorine-containing agent. The water contact angle of the quartz mold surface modified with fluorine-containing agent is around 110 o . On the other hand, the water contact angle of the cured acrylic resin is around 60 o . The difference of the water contact angles between quartz mold surface and acrylic resin is about 50 o . It is possible to obtain the appropriate difference in water contact angle using the present resin with hydrophilic surface and multi-functional monomers with relatively hydrophobic nature (water contact angle ~ 90 o ).
Fig. 2. UV imprint process.
According to the reported procedure ( Fig. 1 ) [13] , the replicated resin mold was made up by a mixture of PTA, DEGMM, and PAG or PBG monomers. DMPA was added as a photoradical initiator. The surface of the replicated resin mold was exposed to 254nm light to obtain the hydrophilic nature by acid or amine generation. A mixture of dipentaerythritol hexa-acrylate (DPHA) and PA-8F was used as a resist for the UV imprint. Although the water contact angle of the cured DPHA was 62 o , it increased with increasing the fraction of PA-8F added. The cured DPHA/PA-8F (90/10, wt./wt.) showed the water contact angle of 84 o . A conventional UV imprint lithography was accomplished using the present resin mold. The resist based on DPHA/PA-8F mixture containing DMPA was placed on a quartz plate (2.5 x 2.5 cm) which was treated with γ-MPS before use. The resin mold was placed on the liquid sample and pressed at relatively low pressure (~0.8 MPa). Irradiation at 365 nm was done through the resin mold to cure the sample under vacuum. After removing the mold, imprinted patterns were obtained on the quartz plate. Figure 3 shows the optical micrographs of the resin mold (DEGMM/PTA/2/DMPA =40/50/10/1, wt./wt.) having -SO 3 H groups at the surface and the UV imprinted patterns. The line width of the mold patterns was 20 µm and the depth of the lines was 1 µm. Good UV imprinted patterns were obtained using DPHA/PA-8F (90/10, wt./wt.) resist containing 1 wt% of DMPA. The deviation of the imprinted pattern size was 2.1% in z-direction. Furthermore, good UV imprinted patterns were also obtained using DPHA/PA-8F (95/5, wt./wt.) resist with the size deviation of 2.0% in z-direction. No good patterns were obtained when DPHA was used without PA-8F. The resin mold (DEGMM/PTA/3/DMPA =20/70/10/1, wt./wt.) having -SO 3 H groups at the surface worked as good as the resin mold DEGMM/ PTA/2/DMPA=40/50/10/1, wt./wt.). Using the resin mold (DEGMM/PTA/1/DMPA =40/50/14/1, wt./wt.) having -COOH groups at the surface, good UV imprinted patterns were obtained for DPHA/PA-8F (98/2, wt./wt.) resist. The resin mold (PTA/4b/DMPA=100/9/1, wt./wt.) having -NH 2 groups at the surface also showed good release property for DPHA/PA-8F (90/10, wt./wt.) resist. 
Conclusion
We have prepared several types of photoacid (PAG)-and photobase (PBG)-generating monomemrs. A mixture of conventional multi-functional acrylates and PAG or PBG was photochemically cured on irradiation at 365 nm. The surface of the cured resin became hydrophilic on irradiation at 254 nm due to the generation of acid or amine units. The cured resin with hydrophilic surface was used as a mold for UVIL. UV imprint using the resin mold was accomplished for relatively hydrophobic monomers.
